The Culicoides communities have been analyzed between 1993/1998 
In spite of the sanitary and economic relevance of the genus, and the adequate achieved knowledge on its taxonomy for the region (Ronderos & Spinelli 1998) , there is no information available on the major features of their communities. The area is characterized by the existence of several different breeding environments, so local variations in Culicoides assemblages are expected. Likewise, at the community level, the temporal structure of an assemblage may greatly change in terms of both, numbers and relative abundance of the species. Analyses of temporal constancy from assemblages are desirable in order to determine whether the patterns observed up to date are representative.
The aim of this paper is to describe and analyse the major features of the Culicoides communities, determining the species composition and the relative abundance and constancy of the potential vector species in the area influenced by the Yacyretá Dam Lake.
MATERIALS AND METHODS
Study area -The study area, located between 27ºS and 28ºS along the Paraná River (Fig. 1) , is characterized by high relative humidity and an annual average temperature of 21.5ºC (ranging between 15ºC and 27ºC). Nine sampling sites were selected at both margins of the Paraná River, currently transformed in a dam lake, between Candelaria and Ituzaingó on its left shore (Argentina), and Capitán Meza and Corateí on its right shore (Paraguay). Most of them were located in natural environments of the subtropical forest corridors with abundant streams, being the ones located in Ituzaingó, Quiteria and Zaimán periurban or urban localities.
The stations were selected in order to obtain an adequate representation of both sides of the river, also con-cerning their locations at similar stretches. In the particular case of Corpus and Corateí, they were selected considering that construction of an hydroelectric complex is projected between these two sites in the near future, so the obtained data could be available for future impact assessment.
Sampling of Culicoides -Adults of Culicoides were monthly collected by using CDC light traps (Service 1976) exposed at each sampling station for 24 h. A portable automobile battery supplied a 12v/15w light source. Biting midges were also attracted to the trap by a constant rate of CO 2 liberation of 500 ml/min. The individuals collected were preserved in isopropylic alcohol. The sampling periods ranged from July 1993 to June 1994 (9 sites), from July 1995 to June 1996 (9 sites), and 1997 and 1998 from February to September (4 sites). The abundance of the species in the four sites surveyed during the hole collected period (Corateí, Santa Tecla, Aguapey and Corpus) was analyzed for the study of temporal variations in the community structure. The collected specimens were deposited in the collection of the Museo de La Plata, La Plata, Argentina.
Data analysis -Relative abundance of Culicoides species for each study site and year was calculated as the abundance of each one in relation to the total abundance of all collected species. The species richness (total number of species in the communities) at each site for each year was estimated. The diversity was assessed by Shannon's diversity index (Begon et al. 1996) .
In order to examine the distribution of the species in hierarchy groups over the entire region, they were ranked by frequency of site-year presence. The proportion of the species that were uncommon (present at < 25 % of the 26 total site-years), intermediate (present at > 25 and < 75 % of the 26 total site-years) and widespread (present at ≥ 75 % of the 26 total site-years) distributed was computed. The relative abundance of species in each hierarchy group was compared by the Mann-Whitney test (Zar 1996) .
The constancy in the taxonomic structure of these communities was measured using Kendall's Coefficient of concordance (W) (Siegel 1991) , based on the ranks of the abundance of the top four species among years in the four sites that were sampled during all the study period (Corateí, Santa Tecla, Aguapey and Corpus).
A binary matrix challenging the 21 species and the 9 collecting sites was organized based on the presence or absence of the Culicoides species in a given site. Euclidean distances were used to measure the distances among Culicoides communities. To explore the existence of a grouped distribution pattern among the species, a cluster analysis was conducted using the unweighted pair of group's method (Sneath & Sokal 1973) .
RESULTS
Twenty one species of Culicoides were captured during the entire sampling period. During 1993/1994 the predominant species were C. insignis, C. leopoldoi, C. limai, C. flinti and C. venezuelensis (98%); in 1995/1996 C. insignis, C. leopoldoi, C. venezuelensis and C. limai (71%); in 1997 C. insignis, C. debilipalpis, C. leopoldoi, C. paraensis (98%) , and in 1998 C. insignis and C. limai (96%). Relative abundance, richness and diversity of species are presented in Tables I and II . Those species that only appeared in 1993/1994 showed a low relative abundance. Species richness and diversity were variable between years and sample sites. The highest values of species richness were recorded in Quiteria, Corpus, Santa Tecla and Capitán Meza. The species diversity was highest in Quiteria, Corpus, Santa Tecla, Capitán Meza, Zaimán and Candelaria. Corateí, Ituzaingó and Aguapey showed less richness and diversity. Richness and diversity decreased during 1998 at all sites.
The community structure is summarized in the Fig. 2 , combining frequency and relative abundance of all collected species. There was a high number of species narrowly distributed (occasionally present), whose relative abundance ranged between 0.001 and 0.75. Likewise, the intermediate species distribution (common and very common) showed significantly higher relative abundance (U = 15, P = 0.015, n 1 = 13, n 2 = 7). C. insignis was the only species widely distributed (abundant).
The analysis of the relative abundance between 1993 and 1998 (Table III) showed a little variation among the four top ranked species, C. insignis being the most abundant. Considering only these four species, the taxonomic structure of communities was constant along the studied period, except for Santa Tecla (Corateí: W = 0.69, P < 0.05; Aguapey: W = 0.93, P < 0.01; Santa Tecla: W = 0.53, P > 0.05 and Corpus: W = 0.74, P < 0.05).
According to the presence of the different species along the sampling period, the cluster analyses indicated two groups (Fig. 3) . One of them showed an increasing gradation of sites and the distance between them was determined by the distribution of occasional species. The other group, represented by the nearest localities Corateí and Ituzaingó, is characterized by the presence of the three common and abundant species (C. insignis, C. venezuelensis and C. paraensis) showing low richness as well as low diversity.
DISCUSSION
A high percentage (64.7%) of the 34 species recorded from Argentina by Ronderos and Spinelli (in press ) is represented in the studied communities herein.
From the results, and considering the species real or potential involvement in virus transmission, it is clear that C. insignis is the dominant species. C. paraensis is a common and abundant species associated to C. insignis and C. venezuelensis in Corateí and Ituzaingó. C. pusillus is narrowly distributed (Candelaria, Capitán Meza and Corpus) and shows a moderate relative abundance. C. lahillei is also occasional (Santa Tecla, Quiteria, Capitán Meza and Corpus).
C. insignis has also been reported previously as predominant species in the area of Salto Grande Dame Lake between Argentina and Uruguay (Spinelli and Ronderos 1991) . Besides, communities associated to cattle showed C. insignis as the most important species (Kramer et al. 1985, Sáenz and Greiner 1994 ) .
The highest values of species richness and diversity were registered in the localities situated in the northern part of the study area. This could be related to the existence in the mentioned zone of subtropical forest habitats housing different kinds of breeding sites for Culicoides spp. Mullen and Hribar (1988) , Hribar and Mullen (1991) , Murphree and Mullen (1991) , and Hribar (1993) reported tree holes, stump holes, and other rotting woods as common environments for immature stages of several species of the genus. Common (and rare) species tended to be typically common (and rare) from year to year, during the entire study. Each assemblage was reasonably predictable. Some species were not characteristic of any particular site and their presence could be related to non-intrinsic conditions (i.e., high temperature and abundant rains in [1993] [1994] .
More ecological studies at the population and community levels are necessary to describe and to explain the abundance and relative importance of the potential vectors species in the communities of this region, especially considering the roles of C. insignis and C. paraensis as vectors of BTV and OROV, respectively.
